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ADBSTRAO T

I. Purification of a protease inhibitori

In previous studies we have found that the euglobulin* frAotion, prepared

from the subsiding or healing site of cutaneous Arthus inflammation in

2abbits, can suppress markedly the inflammation; and the suppreasing

uffect of, the protein fraction is largely due to a apeaifio protease in-

hibo--:.nt in the protein fraction,

'hiz p: -v,-iously undesoribed antiprotease was extensively purified

2rs. 'b.:?:ne. as fibrous crystalline-like substance; the purification

p:ocedures essentially consisted of fractionation with smmonium sultatel

ehromatography with Sephadex G-50 and DEAE-cellulose, and concentration

with Sephadex G-25. This antiprotease inactivated a particular SE-dependent

protease of the cutaneous lesion of Arthus inflammation and papain, but

had no effect on trypsin and chymotrypsinb This substance appeared to

be a polypeptide, positive with biuret test, thermostable, non-diffusible,

non-precipitable with 3 % trichloroaoetio acid and insoluble in water but

soluble in salt.

2. Endogeneous mochanism in vascular permeability in inflammations

The moohanism of inoreased vascular pormeability in inflammation was

studied because this phenomenon is one of the oardinal featu's in Intla-

mmation, Increased vascular response in outaneouL Arthu inflammation

was diphasic-immediate and deloyed; the former was Unpora37 and medi-

ated by a substance susceptible to antihistamine (possibly histamine*);

the latter was intense and proloneed, and mediated by other systems.
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A ne* permeability faotcr (PF) was isolated as the pseudoglobulin

fraction from the lesion showing the delayed response; the substance

was insusceptible to antihistamine, soy bean trypain inhibitor, or

di-iso-propyl phosphofluoridate, and had no smooth muscle-stimulating

action or ohemotactic action on leuoooytes. The permeability-increasing

effect of the pseudoglobulin was suppressed markedly by the euglobulin

prepared following the same way as noted above. Inspite of the exis-

tence of the antiprotease, the suppressing effect of the euglobulin

was possibly due to a new substance (anti-PF). Partial purification

of this anti-PF was made by using Sephadex G-50 column.

Those observations presented here are very suggestive for clarifying

the important endogeneous mechanisms of various tissue manifestations

in inf l ammation.
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Tho possible ~.oeof protasos in tho aillergic wrespnse, and In tissue

Am~age in general, has reoeivec increasing attention, partioul3r1y in the

last decade (seo roviev; by Ungar' and Unyanshi, 1958).
Oonirihi (1942) obsoi-ed innreasori protoolysis in tho lunes of dogs in

-;.irh allergic penonla wts induced;? and Horborts (1955) detorntod -, pro)toaso,

inactivrtod by sulphydlryl blok, in the lungs of guinea-pige in RnphylAtic

sh,.c-k. Innrc-,sod pro too~ly, ; also oocurs in other or,,, ns; in the

liver r,f fr'ies in >moeshock (Wejimar, 1955).
Provious studioc, iJn this laboratory havo shx n that the activity of

aor tain skin prot aevo inn ,ases in paiallol vAth the daveloprient of cutaneo)us

Azthu .- typo ruw-tic.ns- nd that in activation of the jProtWoas by %t

po(.)y.>,ptido inhibitor -1.,,v xplain the subso,'.ue-t mad -radual cewanatiovi of

tho rounti-ons (171cjashi, 1955, 1956, 1958- HV.yashi ct al., 1958? Ud.-ka, 1960*

Ito, 1960). The 1protoaso and anti-pr-Ac-,%sc each -ero relonsed by tissue

.haocyt,,s durin6- nnti{;,on-intibody roiactions, the erzy-e bein(g rola- sed

bofor its inhibitror. Both substance-s icro rcovorc1 . in ouglobulin frnactions

(Hayatshi, Tokuda and Udaka, 1960; 'lbkud,-, Hoyashi and 11,ttsuha 1960 Udaka,

1960).

The rcr,.ti-yis 'uro sworressod by a orude preparation of euglobulin

cO~fifl2tho inhibitor (1 atsuba, 1960); or by nora rafined preparntion

(1~~wehi un,ublishud) injecnted vrith the antigeon. Those proparqtions nlso

-v c.rr3 cftv~''hr ~a ither beforer or Pfter injenting the antign-n.

t~j-di:1y'nh prn tetse r'nZ be ono of the factore responsiblo for the

jafl -rvitoIV 1.icn the bil.?nce hot' ,?ocn tho jruteaso and its inhibitor

dot irin!, che- intensity, e;xbcrt and duration of the renctinns. The

inhilbitor cmn inactivate pa-.pain but has no offent on trypsin or rplasnin

(Udck, Hirnada ind 11, ,yshi, 1961).

This papcr describes further observations on purifioation of the inhibitor

by -. cc(luTn nhrro'atographic technique and en sore proiverties of this

inhibitor.

3EXPEREMMIRTLS A.IID RESULTS

4Adult nale albino rabbits (2.0 -2.3 kg.) brad in our laboratory v'ere used.



tladtlo of uAinsl. - .to rL. of br ino seum va a injeotod

uutbutmeously on the lot, 3rd and 5th dre.. On the 16th dq the nntibn4y

content of earh Antrnals sorian 6 deterined by proelpitin test (Hnynshi

et&1., 1960), In tubes 3 mm. disa., serial dilutit'n, of semn vore tested
wzith equal volunes (0,1 nri.) of antigen, and results rend after 6 hr at

room tenporature. Only aninals with titres of 26 Noro used.

Induction and evaluation of Arthus-type inflan!ntion. --- The hacks of

sensitized snirals wore closely clipped. After 24 hr. 0.2 rl. bovine sorm

was injected intraderrally in 20 sitos in an ares, 15 x 12 on. Th3 sorun

induced Arthus-type reactions vhich were aqually intanse at ill sites.

'Macoscopically, the reactions commented in about 3 hr., -rere anxi-al in

(22 - 26 hr., nd then declinod in intensity. The infl-r'tory reo.ction had

usually disaplcared 12 - 19 deys after injoction. Anirmls with such

reantions w,,ore used fnr the test but v;oro discarded A healing of the lesions

wa.s delayed at any stage by sloughin- of the skin.

Preparation of skin acetone (,,'der. --- Heling inflmod skin was excised

immediately :.fter killing the aninals. Flt nnd uscle was ro",ved, the

skin finely nincod ith sciss,:rs ind i-nediately frozon at -800 . The

fr-zen skin uas cut into slices ah ;ut 50,P thick ith a freezing '-inrotono

and the slices placed in 2-4 1. of cold %cotzne of which the te-i*erature

then w:-s allowed to rise to 20 . Dehydration as c ,ntinuod Yith 3 changes

of a cotone (2-4 r ), each batch of aceton, e being hold rith the skin for

60 rin. at 20 , and then ro-Oved 1,r filtration. The povwerod skin was then

air-dried in a hood toremove.reaidual acetone and desiccated in vnue over

P2 05 for 24 hr. The technique was described by Udska (1960).

Preparation and use of Sephadex and DRt&B-Cellulose:

Sephadox 0-50 and G-25, eployod in this study, wero purnhasod from- f.

conrorcial soucos (Pharnaoia, Uppsala, Sweden) and prepared by the method

of rorath and Flodin (1959), and Flodin, Oelotte and Porath (1960). D AE-

collulnse, containing 0.87 eq, of titrable groups per g., was urnhased

from coenorcial souces (Carl Schleioher & Schnell Co. Ltd.) and prenarod

.ccording to Peterson and Sober (1956).

(



I The nolumns wero paoked am follom;

Oo lu-,n I. -- Air-dried Sepbadox (0-50, -bout 10 g.) was suspended in 25
volunus of 0.05 N NaGI solution and aontinued vith several ohmnres of the

saoe solution until the supetavt vieas clear. At this stare, no deterir-

ation of the Soph.dox has eva', boon notioed after frequent use for nere than

thwee months, Mhe thin sup nsion was transferred to a large funnel, ,*

provdei ith a. stirrer, anA connected wvith a 2,0 x 30 ,im. chroriatography

tube of glass fitted at the tottom with 0 - I filter and filled with 0.0511

NaCi solution. When a bed of a few aentineters had formed above the G - 1

filter the stopcock at the bottom of the colurm tube was opened and Sephaiex

grains wore allovmd to settle under liquid flow. The final column measured

( 17 om. in height. Then the columno could be washed -wvith the N/15 phosphate

buffer solutions desired (pH 6.8, ionic strength 0.26) wi Athout notpble chonge

of the nuter dimensions of the bed.

Column II. --- 70 g. of DEAE-cellulose was suspehded in 100 ml. of 0.IT

aOH, then transferd to a large vessel and diluted with water to 1 liter.

After standing overnight, the cloudy" supernatant liquid was decanted, and

the sediment was washed 5 or 6 tines by decantation to remove particles W
that o:,uld not settle. The final supernatmnt liquid was almost clear and

was free of alkali. This adsorbent waa poured as a slurry into a glass tube

fitted at the bottoi with 0 - 1 filter and was allwed to settle under flow

oonditions inducod by gravity. After gravity settling was nearly complete,

the ndsorbent was further compacted by the application of air pressure

until a constant column hnight was achieved. After such prepartinno, the

column would not run dry undor gravity flow.

The rparked adsorbent column was then washed rith several column volumes

of the M/15 phosphate buffer to ensure pH and tcrperaturo equilibrium.

Lp'ro.ina.tely 3 g. of adsorbent was used to prepare packed ncolurns of

25 x 1.2 cn. The exact height depended on the gdsoroznt,-oiploycd.

DLovolonont of chrmiAtoii-rant

The eqilibreted protein sanpile were washed into the colurin with several

l-ml. portions of buffer before the continuous flow of buffer was begun and

slwly filtrated down.

For Sephadex colunn, the rate of the subsequent olution with the buffer

usually adjusted I drop/7-10 soc. and the effluent fractions were collected

every 3 g. by Toyo-Roshi automatic fractiono 40=octor (Model SF-200 A).



For DMIJ9-coo1uloso nolumi, flow7 rates of ari' toy6 ri. /har. rrcOrO

obtained Yvith ntju'lm of the cmhaiirar 25 am,. long~ Ln'v 1.2 '-. vide, qith F"

hydrostatic head of 60 to 90 nn". Fractions weore melutod avery 3 6. by r',n

P-utoriatin fraction collector. Blutinn wasrto -.,rylisha.l by ohn'xtgng the pH of

the oluting buffor, uxcopt nortain ormes in w,.hioh inic streng~th V!PS vrkriod

according the purpose. Two iotholu of' clutinn voro e'-dl yod, n, -'r-iint

eJlution (Noterson and Sober, 1956) .. l1 stopivoie chrnp~e of the huffer.

Separations were 1erfornod at cold riuor' (20 C) unless othorwoise noted. A

va-rietyv of buffers was sat~frf'actory r the nncossrtry p11 ra n!ge (pH 5.9 to 9.2).

Phosphate buffer o~f ionic strength 0.26 vwas usea in ~ir1

Expu'tination of effluent.

During purification )f the inhibitoir, pron -o.c irnations ,-are shovmn

by an optical density tt 280 rip (B 2 8 0 ) in Beokr~i cc-trnh-to1etor (Morlol

QA~-50) with staniard oells of 1 oni light path. Totp' iitreo,n ws dctorr'inc'1

by ricro-kjcld.-ahl qnailysis. !,rronium ion was tcst,-d- by I-Tsslor's roareont.

The onzyr'es used in this study, papain ind -crytal:Lnd trypoin vorc putchaad

from the Noerok Co. Ltd., n'nd Washine-ton Biochemiical C"rrorntion. dl-ochy-lo-

try-dsin was su,';pliccl by Eisrti Co. Ltd. Prateolytic ei.o*1.bulin wa-,s .,-ra),'rod

from inlmdskin at r'axinumn stage (24 hours) of Arthus rer'ction -1mcording

t-) our previous (Hrqyashi ot al. 1958; TR.aka, 1960).

Protelaso inhibitor assay:

Inhibitory effect of the inhibitor was deternined by oasein digestion

acocording to Ud~eka (1960). Its effect was shown by -Activity of tho inhibitor

to inmaotiv ta one papain unit. Pnpain was prep)ared as 1.5 % suspenoion

-tecording to the previous lethod (Udaka, Hamadn and Hmyashi, 1961). One Pna)ain

unit wqs dIofinoi is tho acrtivity of papain giving digestion product with

1, x 10~ at E 2 7 6 *
The p..toncy was oxjrossed as units of inhibitory activity per absorbronecr at 280



Inhibition of trypoing ji-ohynot27pain rmn protao3lytio auglilbulin was

'tlso rionsur.0d by tho samo meothods

Pw'!ifination of inhibitor:

Unless othervwise stLted, all puz'ifiC-tiVn kiteps were porforeod at 20 (1

-ch-ritopra-)hy was pcrf :rrnod on colurn of Sophadox 0-50, peae

U ~to 'Prath nd Iodin (1959), and of D]EE-cllulcso, prepared

~coYdingtc otars'-n and 3oho-. (1956. Concantraticon of effluent fraotion

~co 7>7~~OL ~r.nrt, Plo'i. (,o1(tto nnd Pc'rath (1960). The first

:~tp ~ T . 2fl>.o~vJ~l )oco 3br vmoa iiontio.1 with the provious Method

'1 (r~r~~i. ; :1 'Kf3~ ~j.60, d2~~ 1960 1

Stop 1. JExtrraoti.n nnd fra cto Ic'.n (ifskinrlngosn t o r.

Sk--n .aact.no :, wlr ( 10 f7.) ~ '.xtrnotod ',vth 10 volurles (If M/15
phc ate uff-t;r : f pi1 6.8 f~r 16 hir. nd tessos.ncirfgda

5000 rpr.f;r 15 :'inlltms The supumrn' !xit fluift Ba ~1e~ iihfuchner

funn,1 thr,;ug' (;nO sheot ')f Tfy )-Roslhi f:' ILtcr ),Iper IT-) .;C

Pr'o- the -.xtryints oug1ohulin fraction wa rrpr-e by addition of'

S't '~o p.-r niur- sulfate (50 -1. paor (11, ) -,r.ording t,-, Sau'uey nnd.

Straiusc 11)

Step 2. &i:raItion o~f aamniui sulf-a fron euglrbuliri fraction.

The ou ,Iobulin fraction, proparod fr-1 the skin extract, was suspended
(y in 1/15 nhos-hato buffer to give highest concentration. After centrifaea-

t. Pt5000 r.p.m. for 15 rinutes, the supernatant was diluted the snoe

buffoer V,. givo oin absorption at 280 Or o'f betwoon 18 and 22 and planed on
R So-qhAdox nolurmn (2.0 x 17 on.) whdich had boon previously 3quilibr-itod with

the anei ')uffor nnd ionic strength 0.26. This equilibratoed protein sa-ples

were washol into the uolurni with several l-m2.. p'rtinscf buffer before

the continusi-us flow of the buffer was beguan nnd slowly filtrated. The

filtrpation -,,.,no nat i rate of 1 drop per 7-10 son. and the effluent

o U)uti .n vizc. leocted overy 3 g. by Toyo-Roshi 's automatic fraction

O~i:A(GT) ndol 1F-200A). The fractions Nwere analyzed by ultraviolet light

(aorpt'~ on t- 2SC rmu. V-r-ionfivi ion was tasted by Nosslor's rongont. The

a~2~..~twr~-)-. rf t offluont ; u:)1utAon is shom in Fir,. 1.
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A qualitative nnalysis for arnoniun sulfate ions in the first ponk

(peak 1) was negative, showing that the proteins had boon freed effetively

fron salt. The secoond peak (peak 2) oontains a low moleoulaz weiaht

substance with an absorption nauirun at 262 rp. The yield of raterial

absorbing in ultraviolet at 280 r was about 97 % and its potency wa4 about
8.
Step 3. ChronatoATrPhy of inhibitory fraotion on DEAR-oollulose

The clear filtrate (peak 1), obtained fror, the previous step, was dilutod

with 11/15 phosphate buffer of pH 6.8 to give an abs:rption at 280 rT of

between 6.0 and 8.0 and dialysed against the sana buffer of pH 5.9 for 3

hours. It was applied to a column of DEA-collulose, 1.2 x 25 or. Whiah

had previously boon equilibrated with the sane buffer. Blution was

aoomplished by pH stepwoise changes (H 5.9 to 9.2) of the eluting buffer

at ionic strength 0.26. Flow rates was approximately 6 ni. per hourp and

the effluent solutions were collected every 3 g. by an autonatic fraotian

collector.

Fig. 2

1,s shovn in Fig. 2, six najor chronatographic conponents are obtainedt

the first conprised approxinatcly 35 per cent, the second 7 per cent, the

third 12 per cent, the fourth 9 per oent, the fifth 7 per cent and the sixth
5 par scnt of the total protein recovered. The peak A cntains highly

native inhibitor: and the aotivity inoreases approxinately 11 times as the

original aotivity, about 8 IU/3 2 8 0 . The yield of this fraotion from =SAD-

cellulose oluate is about 18 % and its potency is about 90 IU/N 2 8 0 .

Stop 4. Concentration of inhibitory fraotion by SephAdex o-25,

To 80 nl. of the fraction (peak A), obtained fron the previous steP, 8

g. of Sophadex G-25 were added. The sieve fraction of this natorial was

50-100 nosh and its water regain was 2.4 g. per g. of dry Sophadoz.



Tho thick susponsion was stirred for 10 rninutes to obtain opleto srolling

of the gel, after which the gel Crnins rmre soparatod from the nonontraterl

inhibitor solution by contrifvgvztion st 4000 r.p.n. for 30 rinutes. The

)reoipitatos vere then washed by spraying a srall -mount of water. This

wamshing prmceduro wno ropoatei again. The contrifu(atos Fnd washos wore

pooled and subjoctod to an additional conmontrati'm stop. After - furtl'

treatnent the voluno ws reduced to n extent which rado further nurifin"1ton.

During c(;ncontration of the inhibitory fraction, the inhibitory activity

against pa!)ain was r'oasured foloving the noth(.d desnribor! abov

ix'perinants presented n TPblo I. illustrate that o,,nontrated fraotion

coJntain usually over 89 % ,f the total )otency of originaLsolution.

and that each potency of the inhibitory fractions after 1, 2, 3 And 4 stns

are shown as 130, 199, 331 and 582 IU/E280. These results de-mnstrate t1'-t

inhibitory rtctivity inorortss amrxinately 6 tines as the friginal activity,

about 90 IU/N , and that the inhibitor is alncst quantitatively reooverei

in the 8-fold concentrated solution.

Step 5-. Crystatization

The (oncentratod inhibitory fraction with en activity of about 580 lU/E9 8 0

was dialysed against M/15 phospha-.u buffer of pH 6.6 for 6 hours and

filtrated through the 0-3 glassfilter. The filtrate was allowed to stand

at 20 C for 2 to 5 days. Preoipitation was complete during these days and

fibrous precipitate obtained. The fibrous precipitates are am in Fig. -.

The activity of the fibrouo precipitate was found at the range of 1150

ad 1300 IU/2280 * Repreoipitation was carried out following the same

nanner as the first precipitation; slight inorease in the activity of the

precipitate was obtained after the reprecipitation. The extent of purifi-

cation and the yield at various steps are i Lustratod in Table II.

Te 11



Sffoet of Inhbito I on x'Dsans tfjssn end 1-ohvnotrIDsins
Papain was propxe'4 as a 1.5 % usponsion aaoording to provius the

nothod (Maka, Harada and Hnyrwshi, 1961) and its filtrate used ms onsyme

solution. ftpein was used in a noenontration of 10 /nl. (Green and Work, :
1953), a-chynotrypuin was used as a 5 x 10-2 Oh.U. solution.

To 2.0 mi. of each onzyno solution, 2#0 ml. of inhibitor solution was

added, and the homogoneous nixture wvls -llowod to stimd for 30 vinutes at

roon tonporaturo. The inhibitor nixture vwas usod for deterninations of

the protoase activity followine the method describo nbove.

Pia~. 4

Experimonts prentod in Fig. 4 indicate that this inhibitor hs innotiv-tas

pmpain but has n- effect )m trypsin nd A-ohyrotrypsin; those rusults are

in agreemont mrith our previousII, obsorvations in the use of partiallv

purified inhibitor (Udeka, Harada am' Hayshi, 1961) ; and the inhibitor

in is different fron -nturally occurring trypsin inhibitor of polyneptido

nature (Kunitz and Northrop, 1936; Schnitz, 1938).

Furthor-ore, this inhibitor was found still active hon brought to 1000

C for 5 inutes, 8d' C for 30 :-inutes, or -50C for 7 da.'s.

Effect of Inhibitor on Proteolytin Euglobulin:

Protoolytic ; uglobulin was prepared from inflad skin 't ma-ximum stae

(24 hours) of Arthus reaction according to the riothwc (Hnvashi et al., 1958t

( Udaka, 1960). The effect of the inhibitor on the euglobulin protease was

measured following the rethod cioscribed above.

Pii~ 5

Exorirents presentorl in Fig. 5 indicate the strong effect of the

inhiitor in inactivating the euglobulin protease.

Cu!n p-riccn of inhibitors nomly nd classically isolated;

Tho olrxsioai isolation procedure fron smre sourou was described in

provious -apor (Hmyashi et al., 1958; Matsuba, 1960, Udaka, 1960). The

• ornaouro n oxtro.4mn r fnn- otion sion. skin .a&otone po. wwer "

Atop l with Stop. 3dscribed above.



To 10 ni. of euglobulin solWiUon, ;-usponded at thn concentration of

approxiate2.y 1.5 to 1.8 per cen~t by H-71tihl.'s protein r.efvaoton'otor, 10

ni. of 6 per aent triohlorote3n'1ic. wao P. do'1, -nd the nixture al1ovied

to stand at 37 0 0. for 40 rainutes until, precipitate was omplete. The -!.

mixture was ontrifugod at 5000 --. n~. for 15

minutes and filtered through one shoot of Toyo-Ro-.shi filter paperno. 50.

The filtrate was heated to 80P 0. for 5 mainutes, oolod to 200 C., end

filtered. Tho seon'-d filtrate was dinlyzod throu!gh aellcphnno nei-frao

against ion-exchanged vwatar, -with frequent renewalc for 4 --o 8 dcys -t

2 0 C. Preoipitate in collop-hnno sack was co1Iuctod and dissnltod in saline.

During this procedure, the portjnry oand thao rf_,Dd -irc cor-parad with the

newly isolated inhibitor. The activity ;fth-- irnhibito-! -,Cinst pap'lin

was m-easured by the riethod described abov,..

Table TiI

Experiments prescontod in Ta.blo 111. pre *> U7sont )urificrvtinn

procedure is more effeotivr thn. "h- Yao.~jc~ -ultrI-?2vinoet

Bsp-ctru-' of a s'dlution of th± M .J IJ- Ki .iI~'~ the, nnximurt,

rbsorlx-,ncy at 276 rap.

( ~~Sephadox and oxoharnger -,u-:h 7L;-, :- ti~n ~pa o havo extensive

possibilities for the anralycic, p: ctmZGp1.:~ Y o f the labile

sbstnn'es of high miolecular wtg rioh -rs protoin. Saphridox was parti-

culnrly valuable in the doesaltinp, p':;i't3 f3'>mu~ o~ the
easily ant qualitatively s'rGa2~oi c) . L.~si he hih yields

(Fig. I and Table III). In 'ri2<e:oc, oa. ing cthod,

dialysis had usually; been u:. 0, .oz L;arn&su~ihc:h fa~o.

these results there were sho-vr that the yi(c. 7Ldci o-ug7.bu2.i1 after- dialysis

decrease about one-third of those sepa5.-.-Oe,. by Sophaciox G-50 (Table III)

This indicates that denaturation of euglcbulin ray bo p~o:)ectod effertively

( ~by Sophadex oolunn chroraatugz'aph. lxtemrthik; m~iaocd p.:conts many

advantages; 'Porath rnd Fludin (1959) ,h-Ae fVound 1-ha. T-h ., nethud oaueos



no omgpliontierts oowwusponding to tho olaggine of dial.yuis mebranes and

that It to .upeelal13 Odtod for changinig a protain solution from one '
'buffer iatei to mother, thua, this proaduro is often necessary prior t)

Ion exahenga ohboriatnewaphye Unwvor, in this proooduro, the unnvoidarble

dilution Is naturally a dlipAdvantaige.

Sephadox was rlso very useful for concontratimr- 2rotoins fron dilutod

solution;l the recove~ry was found more thrin 89 per oont at 8-fold nonc.ent-

ration (Table I). This concerns tho fants that Sophadox poKsses followinp,

propertigs 1 (1) it swlls ra-pidly in water (2) it is easily &nd qUmatV
tatively so )arabic frou the concontrato; (3) it is insoluble and not con-

taminato the conoontratc, (4) it does not adsorb solutcs which are to be

concentrated. Recenitly several investipators have oiiployod and reoowded

this concontratiorig sthod for other substances sonsitive to ovnjp-r.ti:)rn

freeze-drying, suoh rischcineostorraso, paricreatic lipaso, phcospase,

nhoaphodieatorase (Flo)din, Gelatto mid Forath, 1960), and pepsin (Gelotte

and Krantz, 1959).
DRAB-cellulose -.I-_pears valuablo in the purificatory phaso in this qtuly

benause, of the c-rllaratively large c'.acity for adsorbing proteins rind

ehar-p separa--ble effects for elutions and ns shown in Fig. 2, the relativKly

high purities of tho inhibitory fraction ware, nbtained. This exchantper

mothod Pqr'jears su,)erio-r conparod to the boundary elentr:phorosis or tho

(paper olectrophcorosis as an an-lytical nothod (Bain anl Deutt -h, 19472,

Forsythe and . 1Foster, 1950;- Longsworth, Cannen and 1rm1nos,

1940), partiiular,y fo-r those constituents which havev iscoleotria'. Txii'L

close to one another or whAich ane prusant in sllquantities. It hrs '1-

ndvantage, however, of being tine-consuning oc npared to the latter ~'tho
Fr)lloiving V~ia nothid describod in this paper, the specific pro tuaso

inhibitor was isolated F.-s fibrous precipitate fr-n the healing L.-thuo skin

site (Fig 3). This purified inhibiter is ncn-precipitable with 3 per Cent

triehioroncetic noid, heat-stable, ncon-dialy2Lablo and insoluble in water

but soluble in salt solution, and it gives a faint biurot toot and shows Pa

rnaxi-un at 276 mu in the ultraviolet s-pontrurn.

4L



This inhibittil- innotivates strongly pm.,rdn, but has no offeat on trv,uin

an' A~-obyrintxrmv.n (Pig,. 4) indoating that this Is ditfferent fromi

natuyr aouw!iflg tryP)5.141 inhbtor of ;)?'1yj'oQtl(1O natur~e$ tth'ozo,

this Inhibit~or inrtotivntos 'the ppotoy'tin ntivitr of Qu1,1'bulifl n'ropmad

from' the 24.-.h'u losi'.n of Arthas-t'io inf~niatiari (Fig. 5). Oil'i1'mr

rusults hravo nla:i boon ubtainc-d wiith partinily -)urifiod inhibitor promtrod

fr,;-i tho sna source (U-Thka, 1960 ). Those results inedicate thrtt this

inhibit,)r is irlentimnvd thu clhasoally )urifiod~ inhibitor and isolated in

tho fort' of -;rc )urifiod forrn by tho -resent )r,.,reduro.In vivo, offonts of

this ,jurifioA inhibittor vvill bc rioccribc1 in a sovarate o~r

A specific .)roteaoo inhihitr,r w,'.s isolated from'. the healing Arthum skin

sit-, -.nd hiehJly purified as fib)r-'us ~reptt.This purification -iooduro

rc -nsistcd -)f fracotiona.tion with (!TH 4 )2 so 4' oat~r'h vrith Sophreiox G-50

-%nr DEA-ollulnsu, and ooncontrati n with Sojh adox G-25. This inhibitor

iiactivnatos nertain SlI-p rotoaso in the losion of Arthus reaotion and pqpain

but hats '-ic offet )n try.psin e-nd t4-chy! i.otryp sin.
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Fig. 1 Chromatographic Pattern of Inhibitory Euglobulin

Frac tion*

Column 2.0 x 17 cm. of Sephadex G-50 equilibratod with

starting buffer. Eluent wa.s M/15 phosphate buffer of pH

6.8. Flow rate was I drop per 7 - 10 seconds. Fractions
were collected every 3 g. Abscissa: fraction number of

eluent; left ordinate: - , absorbancy at E ; right

ordinates -o-o-, inhibitory potency, IU/E2 80 . The shaded

area represents the fraction used for further purification.

prepared from the healing Arthus skin site.
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Fig, 2 Chromatographic Pattern of Inhibitory Fraction*C
Column 1.2 x 25 cm. of DEAE-cellulose equilibrated with

starting buffer. Eluent was M/15 phosphate buffer of

indicated pH. Flow rate was about 5 ml. per hour. Fractions

were collected every 3 g. Abscissa: fraction number of

aluent; left ordinate: - , absorbancy at E86, right

o:.-inate3 --- , inhibitory potency, IU/F28 0 . The

shaded area represents the fraction used for further puri-

fication.

Sprepared from Sephadex eluate,
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TABLE I Concentration of Inhibitory Fraction with Sephadox G-25

Inhibitory fractions Concentration Potency Yield

n Out E280  IU/E80

Mi. ml. %

Oiatma14910
xafple* 80 1.4 90 100

lot. step

maina fraction 80 53 2.0 130 97

washed sample 3 2.6 0.52

washed sample 3 2.8 0.08

f2d. step

ma1 fraction 55 34 3.1 199 94

washed sample 3 3.1 0.98

washed sample 3 2.6 0.17

3i'd. step

maim fraction 37 21 4.7 331 93

washed sample 2 2.2 0.36

washed cample 2 1.7 0.11

4th. step

maln fraction 19 11 7,9 582 89

washed sample 2 2.4 0.50

washed sample 2 2.1 0.44

4o
*obtained from DEkA>.celluloso oluto of inhibitory fraction.



TABU IL Extent of Purifisation of ZUagobt91 Felom

Inhibitor

Fraction yteld %
Average Potency

IU/E 2 80

Euglobul in 8 100

£ ( from Sephadex

eluate )

Inhibitory fraction 90 18

( from DAE-

cellulose eluate )

Concentrated fraction 582 12

Fibrous precipitate 1260 3

Reprecipitatc 1310 O.4

Fig. 3 A photograph shows the

.1 fibrous precipitate having in.

I hibitory activity ( under phase

contrast microseop, x 800),
.0

0
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Fig. 4 Effect of Inhibitor on Papain, Trypsin, and

&-Chymotrypsin

Enzyme activity was measured by the casein digestion method:

0.5 % casein in 14/20 phosphate buffer, pH 7.1, incubation

at 37°C for 30 minutes. --- '--; papain plus inhibitor (0.1fmU/1).
-----; trypsin plus inhibitor. -o--; -hymotrypain

plus inhibitor.

I + ... .._
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Fig. 5 Effect of Inkititol c ot'olytic Euglobulin*

Enzyme activity was measuzod by the case-! ciI cstion method:

0-5 % casein in M/20 phosphate buffer, pH 7.1, ionic strength
0.25, incubation at, 370C. for 60 minutes. ---- ; pretool.ytic
euglobulin( 0.97 mg.N/ml.) plus inhibito. ( 0.10 mg.N/m1.).
prepared from inflamed skin at the maximum stage (24 hours)

of Arthus reaction.



'IA23LE Il. Comparison of Ini~hbitor' Ncwly and Cl.assicall1y Xsolatod

Nwrl soaedihibitory reio± ClaLslcally Isolatod

1 0t cn cy Total N rIcoa1 N Potency
Y.g.I T nig ci I/mC.N

--x -l r.--- a c;,-.~.-,--

0 (2 xtia 162
"o 0 f~

- ~ by :v y i5 2 4~0

580 3.1 cl~i( 90 ) 1lU t c I nib toryJ ~2. 8o

350.1

POO. Fibrous Prcpitatc. 0.26 8000
17T0) rc.cipitate

v2nzy.,, activity was meabiurod by t'L;. cascin dip-cstiunr..r th c1: .5% cascin

-x?/23 phosphate b'iffr, pil 7 .1 , ioic strcngth 0.25) incubat-loi. at 37 C

Lor 50 minutes. Potency is expressed as 'ini[so iniioyatvt e

.,1, 1. ( 14 ~ . . The value in parcnthesco rcpro,,cr-t po"Ioricy 12AJi8,-J

a Iovm Table II.



APPUWDIX "0'

VIDOONWUS UCZEA3ISM IN VA8CULA1 PMM?4ABILITI ll INPLIMUYION.

I. PUNIABILITY FACTOR AND INHIBIlOR OW3TING INCREAS VASMULAR

PNRADILI T f IN OU'IA1TRUS ARTHUS MOATIONS AND THRMAI INWtftT



The capillar,, wall in a barrier freely permeablo to water and electrolytes

but only very slightly permeable to plasma proteins. The term "increased

vascular permeab:'lity" therefore refers usually to an alteration in the

vascular wall l0 ,'inL to an aooelorated rate of passage of plasma proteins

into the extravascila" tissues. The phenomenon is undoubtedly one of the

cardinal features of Lnute inflanmation, i.e., the local reaction of living

tissue to injury.

The permeability chw'ges have widely been investigated in the skin of

experimental animals witt vital dye, like pontamine sky blue, Evans blue, or

trypan blue, circulating in their blood (Menkin, 1938; Rawson, 1942-43)1 and

it has well been accepted that these dyes become attached to circulating

plasma proteins, particularly the albumins, when given intravenously, and

therefore their accumulation in the injured or treated skin sites indicates

an exudation of plasma proteins.

As recently reviewed by Wilhelm (1962), however, the evaluation of

experimental results in such tests often lacks precision, although there

are some excellent attempts to demonstrate quantitatively the amount of

accumulated dye in the injured or treated skin sites; for instance, in terms

of "r-inan lesion diueter" (Miles and Wilhelm. 1952), or by comparing the

colour intensity with a series of comparator cards (Lockett and Jarman. 1958).

In the present study, the locally acoumulatod dye (pontamine sky blue) is

estimated quantitatively by our successful extraction method, by which the

dye in the skin is extracted a)ost absolutely (Nitta. Rayashi and Norimatsu

1963).
Previously proposed endogeneous candidates for the permeability ahangee

are divided into tw groups (Miles and Wilhelm. 1960), the first group

includes the aminost histamine (Lewis. 1927) and 5-bydreotr7ptsmine or

serotonin (Rowley and Benditt, 1956), and their liberators (see Paton. 1951)t

and the second group includes the proteases; globulin permeability factor

(MackayM Miles, Schachter and Wilhelm, 1953), and kallikroin (Frey and Kraut,

1928); and the products of protholysis, the polypeptides like leukotaxine,

(Monkin, 1938), bradykinin (Rocla e Silva, Beraldo and Rosenfeld, 1949) and

kallidin (Werle, Gotse and KeD,!er, 1937).



C

All these ageonts undoubtodly ineoase vascular pe'mweilitV in low

noncentrations, loopt histamine, sorotonin and loukotaxinot however,

there is no diroot evidence ott the presence of other substanaes in

inflammatory tissues or exudatos. Urthemore, no conolusive evidenoo

has hitherto been provided to establish that any of histamine, serotonin

and leukotaxino is present in inflammatory tissues or exudates in suitable

concentrations at times whon permeability is increased as a result of

tissue inury, or that the effect of these agents is no longer detectable

vwhor pormoabilicy is restored to normal. These two criteria are obviously

essontial 4f a substance found in inflammatory tissues or exudates is to

be rogrd. ao ar. intermadiary in the production of altered vascular

permeability. Although the above list shall be reasonably complete at the

moment, there is no reason to suppose that other responsible substance does

not remain to be discovered.

The presont papor describes observations indicating that the permeability

changes in the cutaneous Arthus reactions and thormal injury appear

diphasic an imodiato response, being mediated by the substance susceptible

for antihistanino, end a prolonged delayed response --- the major

permeability t.-W,:betng.ooelnld peviously undosoribed type of

permeability factor insusceptible for antihistanine. The permeability

factor in the delayed responso is found in the psoudoglobulin; and its

inhibitor in the ouglobulin prepared from the inflamed skin.

MATERIALS AND METHODS

Exicriment 1

Sensitization of animals. - Male albino rabbits (2.0 +2.3 kg.)

bred in our laboratory were used. On the 1st, 3rd, 5th, 7th and 9th days,

3 ml. of bovine plasma albumin (25 mg./ml. in physiologioal salinei Armour's

product) was injected suboutaneously in the skin of the back of the trunk

of the animals. On the 30th and 38th days, the antibody oontent of each

animal's sorum wav determined by proipitin tovi (Haphi, ?o kuda and Udaka,

1960 _). In tubes 3 mm. diem., serial dilutions of serum were mixed with

equal volumes (0.1 ml.) of antigen, and results ead after 6 hr. at room

temperature.

.4



Only animals with titree of 26_ 27 wore used.

Induction. of Artbs roJotioas. --. The flanks of sensitIzed animals

were closely clipped with an electric hair clippers. Aftqr 24 hr.

0.1 ml. bovine plasma albumin (25 mg./ml. in saline) was injected

intrad,i.srally in 2 - 3 sites, cm. apart on each flank. The antigen

induced . reactions vhich Yere almost equally intense at

all the s:,tos.

acroscopically, the inf lar':atory reactions commonoed in 1 - 2 hr.,

were maximal in 20 - 24 hr., v-'d then doclined in intensity. The

inflammatory roactions usua;ly .lsapp2arod in 11 - 14 days after injection.

The animals vorn unanaostho-i.zod throughout the experiments.

Induction of thornal - Mal.e albino rabbits (2.5 - 3.0 kg.)

and rats (260 - 330 S. ) woo uDd. T.o flanks of these animals vre

very carefully clippod wvit> an cloctri,; hair clippers and then with

scissors. To avoid "chom.;al burning", any paste such a-. barium sulphide

was not use!.

A poi - stool dIscLLO; 1.0 . diari., closing one end of a steel tube

and rinaiainoJ by (::.....i.g .!,tor at a stated temperature (± 0.250 ),
was applie tc, t' clippod skin of rabbits and rats following the method

of Wilhelm and Mason (1960). The disc temperature was assumed to be that

of the i.n:idiatcly adjacont water, re'.orded by a thermometer inserted

throuKi a t ubbe- bung clo-ing the other end of the tube. The apparatus

is o *ontial'; a modification of that used by Sevitt (1949). The maximal

hoating applied to animals --- 560 for 20 sec. to rabbits and 540 for 20

sec. to rats -- was comfortably tolerated in each case by animals lightly

hold by hnd. The heated skin neither blisters nor becomes necrotic.

All the animals were unanaesthotimed throughout the experiments.

Macroscopically, thc inflammatory reactions (chiefly consisting of

oedema) commenced in 20 - 30 min., were maximal in about 6 - 8 hr., and

then de linod intensity. The heating was applied in 4 - 5 sites, 4 c0.

apart-' oic h flank, and induced reactions which were equally intense at

( all t1'0 rites.



Measurements of ersoabilityoffoots. - Rabbits wore given intra-

venously pontamino sky blue, 60 mg,/kgo as a 5 per ne3nt solution in 0-425

per sent ,alino; "o ttt vioro givon 60 mg./ke. as a 2.5 per cant solution in

0.6 per cent salins. Such eminal arc) referred as "bluedf. The intravenous

injectiens of dye w o made at irtorvals varying from 0 min. to 48 hr.

after challenge injection of antigen or application of heated disc. The

animals were obseorvod for the rapidi ty of appearanco of the blue stain.

At 30 min. after intravenous dye, the animals mostly ware sacrificed by

bleeding from the carotid arteries, because the bluing at tho inflamed skin

sites reached maximal in 30 min. after intravenous dye.

The locally accumulated dye was extracted and estimated quantitatively

as follows (Nitta, Hayashi ene Norimatsu, 1963): After removing the fat,

the skin (oceaeionlly inoluding the muccle) was cut into sevoral pieces

with scissors. The sk:=;, pieces wore immediately )lacod in 10-fold volumes

of mixture of absolute ethanol and Dioxano (1 : 1) at about 20 mm.Hg of
vacuum at room tmporature. until small bubbles from the skin ceased to

oncur, the courso of this procedure required 20 - 30 nin. After removing

th. solvents by cnntrifugatio-, the skin pieces wore placed in an incubator

of 37° . After the incubation of 20 mnn., the skin pieces became just

rubbery in consistence, they being minced very easily and finely with

scissors.

The skin was placed in 10-fold volumes of Dioxan for 1 hr. at room

temperature, with constant stirring. After removing the Dioxane, the skin

was planed in 10-fold volumes of mixture of ohloroform and methanol (2 : 1)
for 30 mIn. at room tomporaturo, with constant stirring; and when absolute

ethyl ether at j volumes of the above mixture was further added, the skin
was precipitated. Ton min. later, the solvents wore discarded by means of

contifugation.

To the residual skin, 2.5 ml. of 30 per cent aqueous pyridino was added,

and heated in a water bth of 80 for 30 min. - 1 hr. After oentrifuuion,
the clear but ooloured supornatant fluid was obtained; the supernatant

fluid was then made up to 3 ml. volume for convenient speotrophotometrio

estimation with the aqueous pyridino.



If neoesesaz, the last prooodiwo with the Wridino was repealed until the

b2lli oolour of the skin oompletoly, dAspea'edl and the supernatant fluids

al. ,ioro pooled.

Te Shimasu's spootrophotometor (QR-50) wan used, The dye in the

suporltant fluid was estimated at 620 T in oelis with 1 am. light path,

and a fnal volume of 3 ml, The total amount of dye was computed from the

total volumos of the supernatent fluid and a standard calibration curve at

620 mp for gra ed ooncentrations of dye in 30 per cent aqueous pyridine.

Aocord- j to previous study (Nitta. Hayaghi and Norimateu, 1963), the method

can rocos:ur successfully about 90 per cent of dye injected intradermally.

Induction of Irthue reactions and thermal inJury in rabbits. --

The antiGon (0.2 ml.) was given intradernally in 10 sites in an area 10 x

10 cm. of the clipped flanks of sensitized rabbits! tho reactions produced

at each oito woro almost equally intense. The heating at 560 for 20 sec.

was applied in '10 sites in an area 10 x 12 cm. of the clipped flanks of

normal rabbits- TIhe application of heating induced reactions which were

equally intense 'in all sites.

Preparation of skin acetone povder. - Inflamed skin was oxcised

i:-adiatoly after killing the animals. Fat and muscle were removed, the

( skin finely mineld with scissors and immediately frozen at -80P.

The frozen skin ':as cut into slices about 50 ) thick with a freezing

nicrotomo and th- slices (30 g.) placed in 1.1- of cold acetone of which

the temperature then was allowed to rise to 20. Dehydration was continued

vith 3 changes of acetone (1.1.), each bath of acetone being hold with the

skin in the order of 30, 10 and 10 min. period, and then removed by filtra-

tion with auction. The podorod skin Yas then air-dried in a hood to remove

rosi(iual ocotone and dosicatod in vacua over P2 05 for 12 hr. The technique

was described by Udaka (1960).

Extraction and fraotionatiol for pemeability factor. - All procedures

wore carried out at 1 - 20 Skin acotone powder was extracted for 4 hr.

wi th 7-fold volumes of M/15 phosphate buffer, pH 7.4; the suspension

contriiuod at 5000 r.p.m. for 15 min.1 and aupernatant fluid filtered

through Toyo-Roshi paper No. 50.



Th4loca statod In partioulag tho eabovo phoophato buffer van used throughout

the oxporiments,

From the oxtracts 3 proparationa oonte ning ouglobultn, albumin or

pcogdoglobulin wore fractionatod vith annonjum sulphato (Hayashi, Hattori,

Mitsu and Takouchi. 1953). The protein fractions were dissolved for use

in the buffer.
ChromatoSraDhy of extracts and protoin fractions . Chrma .apv

was porforiod on a colurm of Sophadox 0-50 (Pharmacia's product, Uppsala)

essentially according to Porath and Flodin (1959). All procedures wore r

carried out at 1 - 2.

The skin extracts woro diluted with the buffer to give an absorbency

36 - 42 at 280 ip ; and 3 ni. of each 3xtraot was olutod through tho column

(2.0 x 17.0 on.) which had proviously boon oquibratod with the buffer.

Tho filtration was made at a rate of 5 drops/min. and fractions colleotod

every 3.0 g. with the Toyo-Roohi autonatio fraction collector (SP-200A);

and offluont fractions eash wro analysod particularly by ultraviolot light

absorption at 280 rip.

On the other hand, 3 proparations containing ouglobulin, albumin or

psoudogLobulin vro dissolved in the buffer to givo an absorbency 21 - 24

at 280 nP,, oxcept sono spocial oanus; after contrifugation at 5000 r.p.r.

for 15 nin., 3 inl. of oanh protoin iolution was olutod through the column in

tho nano mannor.

Protoaso assey. -- This was porforoed according to Mnrtin and AJxoLId

(1957) and Udaka (1960). Ono ml. of 2 per cont oacoin solution and I ml.
buffer woro mixed and hold at 370 for 5 min. before adding 1 ml. of protein

solution and 1 ml. of 0.15 X salino. Protoolytio activity was tested at

various pH conditiona (6.6 - 8.2) with the sane ionic strongth (0.25).
The buffer concentration was 0.05 M.

After incubation at 370 for 60 min., 5 ml. of 6 per cont trichloropcaotia

acid was added. In control preparations which roro not incubatod, the
protoin nolution was addod after the triohloroanotic acid. The optin .l
density at 276 T of the filtrate was estimated with the Shimazu's

spoetrophotomotor (QR-50), using the filtratos from the control pronarations

i - as blanks.



(
RESULTS

N~orinont 1. P2yMoabilibt changs In Inflam-alo

Pormoability oh an-ou in Arthuo roaotion, "a At Ponsitisod akin sito

injected vith 0.1 el. antigen, the pornobility ronponeo a6suotod of

two distinct phason: immodiato - appearing rapid, transient (lasting

lose than 30 min.) and loss intoneo, and suppressed by local antihistaninot

and dolaoyd --- appearing nor intense and prolonged (beginning in 1 hr.,

roaching its naximum in 4 - 5 hr. and disappoaring in 24 hr.), and unaffected

by local antihistamine.
The innediats response,

The bluing of tho treatod oitoo began after a few mecoondo of antigen

injection. The blue nolour rapidly incroasod in intensity and its naximal

intonsity waa found in 5 nin. old loion (Fig. I). In unblued animals,

there has not yet boon observod any macroscopic roaction, except the bulla

duo to tho injection itself. The rosponso was supproseod almost completely

when 0.1 ml. triprolidine naloato (100 )g./ml. in saline, Burroughs

Wollcono's product) was injected intradormally together vith antigen or 5

in. before antigon. No suppression of the bluing was observed with saline.

Apparontly lo~s intonso, occasionally negligible, bluing was induced

when tio -ntigon was injected in the non-consitizod skin; the bluing was

also supprossod completely by local triprolidino; and in the non-sonsitizod

okin, ary typo of dolavyd ronponoo was not observed during 48 hr. of obser-

vation.

The interpretation of tho local effects of antihistamino, including

triprolidino (Green, 1953) is somewhat omplicatod by their non-antihistaminic

skdo-,.rtiono, e.g., anticholinorgio and anaesthetic effects. T'rpr6lidino

used in thin oxporimont, hovver, has boon shomn to havn an effect suffici-
ontly specific to justify tho use in investigating permoability response in

injury (Wilhelm and Mason. 1960); the drug appeared to be the best compound

available for such work.
The delayed rouponso

The immediate response subsided in about 10 nin. and tho delayed response

began in about 1 hr., roaching its maximum in 4 - 5 hr., and dooling

thereafter (Fig. I).



Tho lonal ool.,n& and orythona, in unbluod animair', banano violbia in 1 - 2

hr#, rapidly inoroaving in intonciftr, and roaohing ito maximnum. in 20 - 24

hr. Annordingly, tho moot inipo-ntant flow of bluo vw notod at 4 - 5 hr.

old lonlong and thnroforo tho vanoular porrnoability nhangor in tho Arthua

roantionn proooodod tho maximal hoight of oodoria and orythoma.

The dolay.-d rosponria wac olicitod more intonodly e gularly than tho

irimodiato rooponco. Howovor, vory ocecionally, the through between the

two reeponooo appoarod vory shallow or evon nogligibb3 if the dolayod

*1 rosponco wao prtovokod too rapidly.

Tho doleyad racoponco waa noarly unaffootod by local triprolidiie (10 i)

givon togothor with antigan, or during tho maturation of tho rooponso,

ropoatodly; and spioial intoroot aroso from such an insusooptibility to

antihidtamino of tho pornonbility faotor rosponsiblo for tho del~yod

roaponso.

Poi~noability ohangoo In thornal injuir. -- Tho hoating was comfortably

appliod to anirnalc - 560 for 20 coo, to rabbito and 54 0 for 20 can. to

rats -- following the method of Wilholn and Mason (1960). Tho heating at

600 for 710 noo. (Sovitt, 1958) seomod unsuitable for tho prosont purposo

bentauno (-f. too pronouncod licion looall'y induood.

An obcorvod in Avthus roactiono, iho permeability changes in thernal

4, ~injury also appoarod diphasia in rabbits and rats (Pig. II)l imodato--

lons intanno and only transient (lasting loan than 10 mn.), and supproasod

by lqoal triprolidino (10 lag.); and dolml'od - moeo intonse and prolongod

(beginninG, in-abuut I b)f and dioappoaring in 6 - 8 hr.), and unaffoatod

b# local triprolidino (10 pg.), givon beforo oir dutring tho maturation of

th, roaponsol tho genoral pattorn of dolayed rosponao was not modified by

antihistamine.

Tho innodiato rosponso in both opecie, particularly in rate, was

irrogular in appoaranoe, ocoasionally being negligible or absonts The

maximal intensity of the dolayed response was found at 2 hr. old losion

for rabbits; and 3 hr. old losion for rate. Tho observationo vore osoon-

{. tially in aeccordance with those of Wilhelm and M1ason (1960).



(

JMorinont 2. Nndonooun ffator anA At inhibitor affoctiun 00 48eJOYO

Ro~o~uodtion by skin oztraopts of Peroabili ohanaos in Awthua reac.ions.

-- l ah of the skin oxtraots, propared at various intstals of Arthus

reactions, waa injcted intradormally in the olippod flanks of rabbits
- extract (0.1 ml.) plus buffer (0.01 ml.) in tho right flank; extract

(0.i nl.) plus triprolidino (10 pg. in 0.01 ml. buffer) in the left. V
Each aninal's sorum was taJd'n at various intervals of Arthus reactions;

and 0.1 nl. of each sorun was given intradornally in the right flank.

Intravonnuc dyo was administrated innodiatoly after intradrmal injections,

the animals mostly being killed 1 hr. later.

The bluing of the extract-injcoted sitos began after a few minutos of

dyn injection, increasing rapidly in intonsity, and r~aohing its maxiium

in 50 - 60 nin. with thi development of oodoma.

The results recordod in Fig. III suggest that the time-course of

porneability changos in the Arthus reactions (coo Fig. I) is reproduced

considorab]yv woll by the skin extracts prepared; and it shows that the

extraction is reasonnble in isolating the permeability factor affecting

the delayed response in Arthus reactions. The permeability effects of .

the extract of lesion showing must intense delayed response (i.e. 4j hr.

old losion), wore moot sotivo but unaffected by local triprojidinot in

-( sin' ct, those of the extract of the irmodiato re3sponso being loss

intensive but strongly suppressed by local tripro3iino.

NTogativo results wore obtained with all the cora from rabbits with

Arthu- roactions; this may suggest the absence of active poreability

factor of its too low, concentration in the serum.

Demonstration of pormoabilit factor in the skin oxtraot. - The

skin extract, propared from 4j hr. old Arthus lesion, was dilutod with

the buffer to give an absorbency 36 - 42 at 280 7 and 3 ml, of the

extract was olutod through Sophadex colun. 3fflusnt fractions each

wore injected intradornal!y in the flanks of rabbits - fraction (0.1
ml.) plus triprolidino (10 rg. in 0.01 ml. buffer) in the right; 4V

fraction (0.1 ml.) plus buffer (0.01 ml.) in the loft.



Intravonoua 4ye was givon inodiato3,v aftor the injections, tho animals

m~ost],y being killod 1 hr. liater.

The results zrooordod in Fig. IV indioataj that the permnbility factor

of tho delayod response Ix~ contained only in tho effluent fractions of

the first group showing % definite L~sorption at 280 rip. Such a

opeetrophotonotric asarv at 280 rnp pronisod a useful convenience in

elucidating the locatin of permeability faamtor. The bluing at the troatcd

skini sites, au obsoru'el vrith the original oxtracts, hogan Rfter a fo-

mirnutos of dyo injooti-on, inocasing rapidly in intensity, and rosq.hirng its

maximun in 50 - 60 nii,. with the dovolopmunt of mild oodoma. The

parm-.6bility effects f cach fraction wore not affontod by local trip.roli-

dirno.

Donmntration of ,)orr,,)abilitvy factor in P soudo glob ulin. -

proparntions contaiting cuglobulin, -,),;ud.-)globulin or nlbumin, propared

f-rom the )x:te-,t ;f z4, hr. o~o. Ixthun, lonion, -rr- ronpoctivoly dilutr~d

vdn ' -Tho bufI : iv< an aboorh~irey 21 - 24 at 280 mp, oxopt special

e-r 3 ml. 'f -ah )-rotein solution wan olutod through Sophadoex column.

-10.1 0.1 nl. of -- lucnt frse h ,vving )oritivo 'ibcorption at 280

r+ w~a intra-do?,ria1*,y iljcet-.-d in to lipped nkin. Intzavonoua dye was

givcn irmodiati .y after tho inj.rctions; the animalo rx-otly boing killod 1

hr. Jate.,r.

Th-e rrmult- recorded in Fig. V indipato that tb . permability fantor

of thc oririni 1 xtricti is, prodominantly concentrntted in tho psoudoglobulin5

and the- pQur. -bility offect of effluent fractiorns being- intonsivo in

parallel -ih the aboorb~ncy at 280 rip. The mont activo fraction wan

fractinn TV. 35. The bluing at the oitia injected with tho active fractionn,

bcgan aftor, a fey;w ninutoe, of dye injection, anrl rachod ito miaximrn in 45 -

60 ru-n. vwith tho dovelopment of ocdema.

The porm--r-ility effecI~t of the albunin was apanontly loan activo, that

of the u;ILbulin baing moot mild.

.Ijr2X~ rtie)o of - orrodbilitLy f aotor of Dfoudoglybulin - Tho following

annays all were porformod on the above fraotion No.8 which is named P1'-

fractirn. All the natosrials wore given intradorial3ly in thu flanks of

rabbits.



( ~Intrrvenous dye warn adrilnistrated Immnediately after' the injections, the
animrals mostly being killed 1 hr*. later,

(q) UIffoot. 21 tri nrliling. - PY-fraction (0.1 ml.) plus buffer (0.01
ml.) in the right; the fraction (0.1 1-1.) plus 10 pig. triprolidine in the
left.

Ni BIIp:)rossion of permnodbility effect of PP-fraction was found with

local trijrolidine (Table I).

(b) Effect of heatinp,. - PP-fraotior~ was heated in a water bath of 600

for 30 mmn., 75 0 fir 30 rdn., or 1000 for 5 rim.; after centrifugation at
5000 r.p.n. for 15 rin. , supo)rnatant f 7xids ach being tested -- original

PP-fraction (0.1 rl.) in the right flank; heated fraction (0.1 nl.) in tho

loft.

The -)ernoabili.. factor of PP-fraction seemed thorri,Thbilo 5 ita nntivity

wins alm~ost cimpletaly lost by heating to 60e for 30 nim. And aormileto loss

of -activity was obtained by heating to 750 fo)r 30 min., or 1000 for 5 min.

(T-Able I and Fig. VI).

(S) Effact of dialysis. -- PP-fraction was dialysed through a cellophane

ro.ribrano (Vaking's seamless, calluloso tube) against the buffer at 1-20 for

24 hro .-- remaining fluid (0.1 ml.) in the right flanki original fraction
(0.1 ri.; hold at 1-2o for 24hrp.) in the left. During the 4inlyeis, thero
was not obsorvod any precipitate.

The peoreability factor of PP-fraction seemed ncon-diffusiblo; no effeot

of dialysis was found for the permeability factor (Table 1).

(d) Effect of soy' boan tiyisiLn inhibitor (SISTI). - PP-fraction was
nmixed with various concentrations of highly purified SHTI (15, 20, 50 and

60 )le./rll. in saline; Novo's product, Norway) in a ratio of 1 and it the

mixtures each being held for 30-50 mmn. at room temperature - mixture

(0.1 nl.) in the right flank; PP-saline ixture (0.1 ml.) in the left.

This was perfornod essentially according to Miles and Wilhelm (1960).

No suppression of permebility offset of P7-frantion was found with

various concentrations of local 8371 (Table I and Fig. VI).
()Effect of di-io-Dprouwi fluorophos!)honato (DIP). -- PP-fraction was

nixed with 10o59 -4t or 10o3 M D7P (diluted with saline) in a ratio) of
1 and 1; the mixtures each being held for 1, 2 or 4 hr. at room tenv~oratur.
- mixture (0.1 nl.) in the right flcnk;l P7-saline mixture (0.1 ml.) in

the left. This was also performed esentially according to Miles and Wilhelr

(1960).



fte reute emm in fable I and ig. VI Indicate that meP has so otfeet

an the pewsMUI ttor of 134tiation.
(1) MUMt a Smain j2Aastion. - One ni. of 2 per cent oswpe sok eaolin

and 1 ml. VuAMr were mixod and held at 370 for 5 rin. before Win 1 nl,

of p-tvaction and I nI. of 0.15 M Oaline. The reaotion nuztores vae 144n-
tained at 7.1, buffer oonentration of 0.05 34. and Ionia stramg 0.25.

1_. at 370 for 60 rninP 5 nl. of 6 per ent triohlornseaetlo

mid was added. the optioal densuiW at 276 mu of the tiltrate was estimate

with the Shiriauu's s$otropbotoneter.

An shom In fable I, no 4tsoIdl7ticratlvttAddeteoteed with 1F-trantiou

inspito of its high pemneabilitr effett. Suaoh negative results with the FF-

fraction were in aooordanoe of our previous observations that the local

proteojtio (oassmioytio end tibrinoJytio) activity in Arthus eaootions Yaks

found only In the eglobulin prepared but not in the pseudoglobulin and

albunin fractions f xauebi. 1956, 1958. E lai4 et a.. 1958 t, 1960.

1,62).
(S) tfoo on -azxt 1asla migastion of louo nrtio cll.- 03-

fraction (0.1-0.2 nl.) Injected intradezral y in the right flmk, leukotaxhc.

(0.1-0.2 ml.; 5 ng./ml. in buffer; see below) in the left. 4 45-90 min.,

the skin sites were ozisod and fixed in 10 per cent neutral fomrisln tor

niwoseopie exaninaton of sections.

4 In emtrmst to the striking .ff*to of leakotazine on eztrarasslar

nmiration of polyrorphonuolear leucoartes (M!enkin .M.) tke Whesion

sbhmod no mah m effect (Pig. VII). Bowaver, 0.1 nl. of the Wp1etift

am indwo the persability ohanges more intensive than the seU m.s of

ied1teuine o (able II).
(k) Weet oa motmtIon Of Emoth mraw!, - Pollowils t*e uml 1,

he eperpatIoas ot agInea-pig Ile we" saspenAed in Tr140 9euie3sU ift &4%

20 nl. bath and kept at 370. Various Tolwnes (0.1, 05 or 1.0 "l.) Ot PP-

fraction were added to the bath; 0.1 ml. of bradykinin (0. R.AL.: se

Table 11I) was tested as the oontrol.

No contraction of the ilAn was observed with mny volume of P-fraotion:

in contrast, dietinot oontoation obsOewed with 0.1 Ml. of bradrkinin

solution. owever, 0.1 "1. of the 14-fracTGin was More aotive than the saee

volume of the brtad~iin solution n indUClU inreSed vascular pe2,4eabil),.



Intorvalt 01 Mawtu S22oti~ne. - Par'mobiUit 'frnnts of 7y-frnotions,
icolatod fvon various intmrala of Ewthuri lorjionns 30 nin,,t 4j and 12 hr.

old, woro oomparod* the tiot wan T~rfornod on tho almosit na-c O(nnontration

(absorbenicy 10.0 - 11.0 at 280 np) of PP-fraotions; 0#1 ml. of optoh

frantion injootod intradornpally .n the flhnkn of rabbits,. Intravonoun '117.

was given imadiatoly after the .tnjoctiona; the nninalo mostly being

killai I hr. later.

Th,:, 20rultn recor'ded in Tab le II indic.at: that the porr'oability 3ffote

of PF-f-ractionr, olo)aaly run parallel to tho tirme-course of porrloability

chmoU.- in Arthur, rucationc (M!'ig I). The obsorvations r-Vy give a
.roioonablo sIupport to rogard the ponaiirfantor its an int.sir

or ono of -4ho intorrodinrion for Vic dnloycd rosponse in Arthur roantiona.

Dnomntration of anti-pormcabiliV factor in ourzlobulin.- As nhoi.n

in Fie. I, ?ornaability changes in Arthur, roaotiono become apparently l)Os

intonso in 12 hr. old lesion, suegosting the loon.1 appoartanoo of rtnti-

factor or dostruction of tho pormoabil-ity f!actop . Throo pronaratino

nontaining ouglobulin, psoudoelebulin vr albumin, preparod from 12 hr. old

Arthus lesion, ivcre dilutad vith buffoir to Civi -.n absorb~ncY 15-20 at

280 Tj; 10 ml. o~f each protein colution was olutod through Sephadox

colun: PIY-frantion was mixed vr4th effluent fractions, negative with

( Nosslorlo, in a ratio of 1 and 1; amd boforo injections each mixture was

hold for 30 min. itt romi toriporaturo, . --- ixturo (0. 1 ml. ) in the ri~ht

finnk; PP-buffer iixturc (0.1 nl.) in the left. Intravenous dy-, was given

immeidiatoly aftoe: tho injootione, the animials mestly being killed I hr.

The rosulti *",,oo)rdod in Fig. VIII indicate that tho anti-factor for the

porridbility faotor of PP-fraotion is predominantly concentrated in th.e,

ouglobulin; and the effect is found located in certain effluent fraotionr.

particularly in 2raotion No.15, showing a lov&er absorbicy at 280 mp.

"Mis fraction ir callad anti-PP-fraction.

;?ffoct r'-7 ean.i-factor of Ou lobulin on vzour ornability f-

i.ffcct of the abovo anti-PIP-fractiOn Vas tested on the following -

bility factors-,



( 11tazio --- This sub8itanc (*-aootio fraction) wma isolatod by the
nethod of Monkin (1960) from ol1-free ozudato of turpntine-induood

pleutitis of 4, os; the anorPhous pwsder was suspended in buffer in a mon-

nontration of 5 m./1. and oontrifujod.

Bra ykinin, -- Synthetio bralykinin (Sandosle pvoduot, Basle) was dissolved
in buffer in m oncentration ,,f 1.0 Pg./l.

Kalldin. -- Pure keliidin was dissolved in buffer in a conoentration of

2.0 unit/ril.
Olobulin perireibilitY factor. -- Highly purified fr.ctor of rabbit's saorur

was diesolvad in buffer in a oonoontrati n rf 3 n./nl.
Kallikrein. - Kallikroin (Bpver's produot, Levorkusen) was dissolved in

buffor in a concentration of 0.1 unit/nl.

Tha above listed solutions, and PP-fraotions of Arthus lesion and thorml

injury (soe below) each were mixed with the anti-PF-fraction in a ratio of

I and 1. After standing for 30 'tin. at room terperature, each r'ixtu
(0.1 ml.) was injeotol intrader-'ally in the right flank; PF-buffer mixture

(0.1 ml.) in the left. Intravenous dye was adri nistratod irviediately after

the injections, the nninals ostly being killed 1-2 hr. later.

The results renordod in Tablo III indicato that the anti-fantor of
ouel'-.dulin can suppress considerably the effects of Arthus- and theral

perability factors, but has no effect on leukotaxine, bradykining
kallidin, globulin porneability factor and kallikrein; theme observations
suggest that the inflanmatory PF found in this exp-orinont n y be diffeorent

fron various candidates as listod above.

Furthernoro, the anti-factor was found still active when brought to 600

for 30 nin., or 750 for 15 min.

Previous oxperinents in this laboratory showod that the activity of
certain skin S-protease increased in parallel with the development of

Arthus reactions; and that inactivation of the proteaso by the pAlypptide

inhibitor nia be correlated with the aubsequent and gradual ossation of the

reactions (Hayashi. 1955. 1956; Hayashi et a.., 2958t Udaka. 1960. 1962,

Matsuba. 1960t Ito. 1960). The protease and anti-p zteaso eoh we" released

by tissue phaoaton during antigen-antibodr roastion, the en" being

reloased before its inhibitor (skahi. * s Udak.. 1960, qTDda.

I 00a4h Umid 1a~aa 960).



Bbth siibatejoonsoo wrs wvood in o~glob~lift fwastloa. ~Wbo "novOnt' tho
anti-protogsc was highlyr pUritod by mosm of ool"r ohofmtogiaph (Ravashi,

19621 Udak&. -10110 40d RAZI&i 1962).

Tho purified anti-pro toaso was diaoed in buiffor at various oonoont-

rations (0.4 - 0.8 mg.X/l.) oapablo of inasctivating high antivitr of tho
SH-protoaso. PF-fraotion fron Arthus- and thdza1 lesion was rixed with

tho anti-protoano in a rAtio Of 1 and 1, and the mixtures eacoh vro hold
for 30 mini. at room temperaturo -- mixture (0.1 ml.) in the right flelk,
PF-nealino rnixturo (0.1 ml.) in tho loft.

An shown in T2ablo III, tho anti-protoaso hiAs no effoot on tho
pernoability factors of ZLrthus- mi~d thormal lo,,.ion; tho obsorrations
indiiato that tho -nti-PF of cuglobulin in difforont from' tho antiatwaso

ninilarly contained in tho ouglebulin. In tura, it is evidont that our v'
inflarimatory P1" is distinct from tho skin SH-protoaso.

Endo orncoe f~actor affooting delarod eso io thaea inJM.-
T-Ho zamo typo of experimont was carried out on various samnpios from

thormial in jury in rabbits. As shown in Pigt. IX, the- pormeability factor

affonting tho most intanso delayod response, i.e., 2' hr. old losion, was

prodoinantly connentratod in tho psoudoglobulin; arid its affect of
offluont fractions boing in gonoral most aotive in frriation No.8, showing

( a highest absorption at 280- Ti.
Proportion of tho pornobilily factor voro assared following the same

mannor as noted above; and it wasB clarified that this tuctor was indistin-

guinhablo at the moment from that of Arthan rvactions, b""se it also
was thormolabile, non-diffusible and insusooptiblo to triprolidino, SBTI,

DFP and our anti-protoaso. This factor had no effect on stiumulation of

smooth nusolo of iloun of guinea-pigs or oxtravasoular, migration of lounocytos.

Following tho same method as described ikbogo tho anti-substanne for the

pormeadbility factor was found in the ouglobulin proparod from tho 8 hr.

old lesion. 'This anti-faster was also olutod inte the fraction~ No.15

(Table III).



DISCUSSION

P-,- In the present experiment, 1esoaW of eiroulating dye (pontemino mky
bluo) into tho inflariod skin sites was shoyn qurantitativoly by the amiounts

of dye extractod fron the sites follov'ing our r'ethod (Nitta, H:-Zashi and

Norinatsu, 1963). Application of such succossful technique in the tent of

incroasod vast-ular permeability promisod P. pro,,iao ovaluation of cxpoririental

re cult a.

In tivo distinot trpos of inflammatin,, z., Arthus roactions and therral

injury, tho pornobility nhanes consistod of tvri ciffc.ro-nt phason -

iir~odiato and dolv ;. klthough T1h'rc, %vao s'a±I1 variation in the pattern

and duration aamordivie to tho natU2.r f injury, th.o. dolayjd rariponmco -

tho miajor pormeoLilit .vn , zctai a chiractoez-istin foat'ure,

corinon to such onporinontal injuri-*.'. In contrast, the irrmediate rosponso

was the) riner porrioability ovi~nt, ft lo-rg iniy tr~m,-iont. Siiilpar o"b)Pr-

vatiuns on parmeatbility cha'aros in irf1,nriation hrvQ bonn roportjd, for

oxaraplo, thermal injury (Se:vitt, -1258; '11 -.!. cM a v.I 1960 vopojrntor
and Willoudhby, 1959; Allis~on and Leeov - 9~) J~~:ilifoin

(Burk and Milos, 1Q5 PoM i 2 nnd V"'! .unilrhd

( Rldor and 1is 957; Mancrxia-c antl Kng~ 1941); ultraivinio injury

(Burk;, see Wilhelm. 1962); traunatic aid ocrical injury (see, Wilholm,

1962).

It soems very pr-"bablo that the ".nmondiato renpronno is riediated by the

substanco sunooe-,tihlo to local triprolidino, ponsibly histartine. Tho

conclunion wias also drawvn frora the obsorvations of Wilhelm and Mason (1960)

in t~iormal injury. Spacial interest therofore, arisos fro* the insuroopti-

bility of the delerd resp-.znso to local triprolidino. No satiefantory

nodiaters for tho dolayed rosponse have been obtainod in Rny typo of tissuo

injuries.

The pornoability factor was isolated from the Arthua lonion s-howing

Udelayed rosponse, i-- 4* and 12 hr. old. Ihis inflarviatory PB' iri

predominantly oonoontratod in the peudeelobulin; and its effoot of of:uint

fraotiorns (throwjh Sophadox 00 lwmu) of the peouduelobulin being artivo in

parallel with the aboorbanoy at 280 rip.



At the nonont this PI? appears to be of protein naturo but different fror-

the protoasos (globtlin poernabill1 fatoer and kellikroln) and the

polypeptidos (lekotelne, brOwrain md WS114) -- It nq be

distinguishable from taso polypeptides br its thornolabllip no-diftal-
bility an inability to stimulate snooth nuscle or to indum an oaeunulation

of leucocytes in the injoatod skin sitos; it resomblos globulin permoabtlty

factor and kallikrein rathor than the polypoptides but it I oleaelr

insusceptible to SBTI and DIP Which can inactivate the effects of globulin

pernmbility factor and kallikroin. The proteasos and our Inflammatory P7

have no oaseinolytic activi1r. This P7 is distinct fron histanine by its

Insumneptibility to triprolidino.

More reasonable ovidonoo wan obtained by tha use of our anti-PY of the

ouglobulin, isolated fron Arthus lesion 12 hr. old. this substance can

suppress the offents of the PF but has no effect on the polypeptidos and

proteases. Since this anti-PT is still active when brOught to 600 for 30

rin., or 750 for 15 rin, it nay be distinguishable fron the inflnoatory

SH-protoaso (egashi, 1956, HITashi" a., 1958, Udaka. 1960, 1962) whose

activity is.ost almost oompletely by heating to 600 for 10 rin. The anti-

PF is also distinct frcru our anti-proteas booA the latter polypeptide

has no effect on the PP.

The delayed response in Arthus reactions seens explicable in terns of

our inflazwatory PF, sirce the effect of the P? was more active at tiumsr

when porneability ohanget; was increased% its effect beconing less active as

permeability changes subeidod. This criteria seems essential if this

substance with higher pernoability effect is to be regarded as an inter-

mediary in the vascular phenomenon. The question * whether the balance

between the inflammatozw P and its inhibitor leterninos the intensity,

extent and duration of the delayed response - the najor event in the O

vascular phenomenon - in Arthus reactions, waits further study. Further

purification of both substanoer io now in good progrenn! the results will

be dencribed in a separate paper.



Rcoqnt tinue culture oxperinonts showore that tinsuo phagooytes, i.e.,

tinue-omonocyto' and fibroblasts, submitted tu the antigon-antbody reaction,

released two distinct permeability fantors -- the one susceptible to tripro-

lidine; tht, other insusceptible to trip%'oidino, being released later. The

latter PF c ioncly ronribled the inflamratory PF, because it was insusceptible

to S13TI and DFP but -ffectod by oh',r anti-P of euglobulin (HIlsi, 1962;

Kinuviaki and Takaba, unpublished). Negative results vYith the anti-protease

indicate that this cellular PF is distinct from the prc teaso (SH-dependent),

released from the cells during the mtigon-antibody renoction (In,

Tokuda and Udalca, 1960; Tokuda, 1959). Basic orphological changes occurihg

the antigon-anl;ibody reaction hr.vc widely boon studied in the above cultured

ncllc (H2'r-hi and Ono, 1953, 1955; IHqashi, One and 11n-tsunto, 1955" Ono,

1958; Kuzo, 1960- Takaba, unpublished).

At the rinoent vio o-xpposo that permeability changes in the del respnn so

of Arthus reactions rvry be associated with the cellular PF, rcloased during

the .ntign-antibody reaction, in part, since each seirun from rabbits bearing

Arthun ro-.tions sho-'-'d no prmonbility effect. However, this not always

deny the .'ol, of the iorun proteases (globulin perncability factor and

ki.ikr'.n) or polype tides (bradykinin and kallidin) in the va~ular phono-

rinenon. There tro mar roviews concerning the biologial significance of

globulin permeability factor (m.-ebd Wilhelm, 1960, Miles, 19591 Wilhelm,
19621 Spector, 1958)k.llikrein (Werle. 1960: oll, 1960), bradykinin

(Rocha e Silva. 1960; Illiott, 19611 Lewis, 19601 Schachter, 1960) and

kallidin (Worlk, 1960; Lewis, 1960). Concerning the essential role of our

infla.natory PF, we must wait further results.

Similar inflammatory PF and its anti-PP are isolated from thermal injuryt

they are at the moment indistinguishable from the PF and its anti-PF of

Arthus reactions. However, the considerable difference in the effects of

both anti-PFs seeris opcn the way to verify the essential difference in both

PFs. It seems convinced that inflammation probably has many mediators

including pormoability factors, that differ according to the nature of the

injury.



The tirmo-ouriso and miediati~on of inaroasod vsoular pozrrorbility ini

4rthus roaotions mnd therrial injury warc invetigavtod in the skin of
unanraesthatizod rabb5tv and rats 'Ath :i,-ntv.-.Ano sky blus ciroulating In

theip blood. The looaly anatriulatud dye was qunnvitativolzy estimated byv~

our ex~.iacticn,. nothod.

1. Th-i Con.ral nattorn -f vnooular rospi)nse is dihasio in these

(iI species smA injuries - irnvi hate and daLnyod. fTh. tormp-,-rny irmedinto

rislpxnso ini *.iociatod by a subst.noe susoptibla to entihistaiino (triprnhi-

dino), Ljg., , -ssibly hists~.ino, Tho pr~'longoO. doln-yed rosp-nse - the

rajor ovont ia \~~,Lnr mrrwmbility -- is pfn-sibly !O-.diatod by P,

this f2aotoi' is cncintratodU p)rodoni intly in tho .soudocglobulin frrmti-nq

irolatad frri Artha:. and thr a2 loLi3n elicoitingi, the ilolnyed rosponso.

2. This inflwrtnat, -Y Pp, possibly )r'tcin in naturo, is tberr'oldhilo,

non-diffusible, insus optiblo to antiW stevine, soy bian trypsin inhibitor

and diiop~y.pht ;phofluoridato, mut fails to atirnulate sm.-c-th rusalo,

or t, irlomuno ;r.t sola nijration of loucoytus, and has no ntaleinn3'r-

tin, wtotn. Tho PF ,,ins dAfforont frroi tho proteotsoR (globulin pewvmoa-

bility fa.tr, kallik-roin and skin SH-iteaso) and pxClypeptidon

(l~*taxir, af. yki-a'n and kal2idin). ,.t the nmnt both Mes amo indjI

3. The c-ffoort of tho inflar~matory 1'F is tctivo in parallel -Ath the

tine-oc urs of porricabil-tty -ihangos in the injury, suggesting the possible

role of this PF Ps an intornodtary f 'r tho telnyod rosponse.

4. This anti-fantor in found prodorinnt-y in the auglobuliti frmtIonq

Isolated fron &.thus- and thnrrial ).esi'n ,-.th denvensed vnsnulaz' respo"08

it an sw'pro5s the Offonts of both inflaml vtory Me but hns no offents cof

the Above protnazos -nd Aoly- optidem6 This rmti-faotor is diffewant from

the anti-pro teos of p-olypoptido naturo, sim'i lowly nontslinod In tho

ouglbxilin, frsaotion. Th,4 aotivity of nnti-PygIor So still mnrsina4
i~oha~o4 ~twr hor~king a O ~ Q ~ cv?~fr1 1~
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Fig,, 6 In Vivo Effects of Heating, SBTI and DYP on the Inflammatory
Permeability Factor of Pseudoglobulin-I-a, PP + 2-.5 pg. SBTI

I-b, PP + 3.0 Asg. SBTI

I-c, PF + salino
II-a, PF + 10 Mf*DFP
lI-b, PP + 100{DFP
Il-c, PP + saline

III-a, PF heated at 75 0C, 30 min.
IIl-b, PF heated at 100 0C, 5 imm.
Ill-c, nonhoatod PF

Note no inhi~bitory effects of

SBTI and DFP. Complete loss of

PF activity is shown by heating,

750C, 30 inin.; 1000C, 5 min.

* Pig. 7 The skin site at 1* hrs.
after intradermal ±njoction of
inflarmmatory PP (0.1 ml.). No

ii - extravascular migration of leuco-
47 VWW_ cy . H w v r he ei-e n c n

4a



t TABLE le* Properties of Our' Infl. watory Permeability Factor'

bl4ma Was A*1 WAt~ WMmtiitl be 2s Lot ~ ~ t. 39W~1u

go 3b3 94N, 62). 1* 36 a 0mbets, 1., 1960.

TABLE II. Comparison of Permeability Effect of Inflammatory PF

Isolated at Various Intervals of Arthus Reacticn-z

PP samples O.D. of' samples* Extravascular dye

30 min. Arthus 10.2 8.1 ug.

41 hr. Arthus 10.5 241 . g

12 hr. Arthus 11.0 10.3 ug.

*O.D., Optical densitzy at 280 mu.
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TABLE III. Effocto of Our Anti-PF and Anti-protoaso on Various

Permeability Factors

Extravascular Arthu. Thermal

Test materials Concentration dye ( pg.) Anti-PF Anti-PF Anti-prote

Inhibition %

C Leukotaxine 2.5 mg./ml. 12.6 0 nt nt

Bradykinin 0.5 ug./ml. 11.2 0 nt nt

Kallidin 2 unit/mi. 211 0 nt nt

Globulin PF 1.5 mg./ml. 14.4 0 nt nt

Kallikrein 0.05 unit/ml. 14.2 0 nt nt

Arthus PF O.D. * 6.2 29.8 70 25 0

Thermal PF O.D. * 5.9 29.8 54 75 0

Cellular PF* 2-dilutcd. 45.0 56 nt Q

* The PF was released into extracellular fluid (culture sdium)

by cultured fibroblasts submitted to antigen-antibody reaction.

The fluid was. taken 2 - 3 hrs. after introduction of antigen, it

being diluted (Hayashi, H., 1962; Kinuwaki, Y. and Takaba, Y.,

unpublished). Characteristic morphological changes in the

cultured colls have boon widely investigated (Hayashi, H. and Ofe :"

T., 1955; Ono, T., 1958; Kuze, T,t 1960).

** Isolated, from healing Arthus skin sAite and highly purified 
(see

Udaka, K., 1960; Hayashi, H., 1962).


